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^ @ BORONNrrRIDECERAMK:SANDMOLTENMETAL(X>NTAiNERCOMPOSEDOFMEMBERSIV^ 

@ Ceramics having excellent resistance against fusing couple made of said ceramics shows excellent durability 



damages due to molten metal or other inorganic material are 
disclosed. When in contact with a molten material such as 
molten metal or glass, members made of conventional boron 
nitride (BN) ceramics are easily damaged at the contact por- 
tion. The resistance against molten materials can be mark- 
edly improved by adding aluminum nitride (AIN) in an 
amount of 1 < AIN < 50 wt % to BN ceramics containing at 
least 50 wt % of BN component. The strength of BN ceramics 
is much more improved by further adding 1.0 to 10.0 wt % of 
Y203 based on the AIN content A protecdve cap of a thermo- 



against molten metal and enables continuous measurement 
of the temperature of the molten metal. 
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SPECIFICATION 

Title of Invention! 

BORON NITRIDE CERAMICS AND MOLTEN METAL CONTAINER 
PROVIDED WITH MEMBERS HADE OF THE SAME CERAMICS 
Field of the Technology: 

The present invention relates to boron nitride (BN) 
ceramics having excellent resistance against fusing damages 
due to molten metal or other inorganic material and 
applications of the same ceramics. 
Technical Background: 

It has been known that BN ceramics are materials having 
very excellent antiwetting property against melts of metal/ 
glass and the like. Though BN ceramics having excellent 
antiwetting property must be commonly used as materials for a 
furnace, in practice there are a number of causes for 
preventing their use. A first cause is because when a member 
formed of the heretofore known BN ceramics comes into contact 
with melts of metal, glass and the like, it would be readily 
damaged by fusing. A second cause is because a member 
produced by sintering the heretofore known ceramics at the 
atmospheric pressure is quite indurable in use because of too 
low strength, hence it is a common practice to manufacture a 
BN ceramics member through hotpress, and its manufacturing 
cost becomes high. 

On the other hand, in order to continuously measure a 
temperature of molten metal within a molten metal container, 
it is a common practice to rely upon a thermocouple immersed 
in the molten metal.;- The thermocouple is inserted into a 
protective tube and it is put into the molten metal jointly 
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with the protective tube. However, in connection to the use 
of the protective tube, there are the following problems: 

(D Since the protective tube in the prior art put in molten 
metal at a high temperature such as molten steel is liable to 
be eroded, continuous temperature measurement is difficult. 

(D In the conventional case, a protective tube is put into 
molten metal from its surface, and is held immovable by a 
holding member. According to this procedure in the prior 
art, a length of a protective tube becomes large, and it wall 
thickness must be made sufficiently large so that the 
protective tube may not be broken by flow of the molten 
metal. Consequently, there is a shortcoming that the 
protective tube becomes extremely expensive. In addition, a 
mechanism for holding and fixing the protective tube is 
complicated and handling thereof is intricate. 
Disclosure of the invention; 

A first object of the present invention is to provide 
novel BN ceramics that is excellent in fusing damage 
resistivity against melts of metal, glass and the like and 
that has extremely high strength even formed as a normall- 
pressure sintered article. 

A second object of the present invention is to provide a 
molten metal container, in which a mechanism for putting a 
protective tube into molten metal from its surface and 
holding it as is the case with the prior art container, is 
made unnecessary by employing a protective cap that enables 
continuous measurement of a temperature of molten metal by 
means of a thermocouple and integrally assembling a 
temperature measuring function in a container wall. 
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The aforementioned first object can be achieved by 
providing BN ceramics containing 50 weight% or more of BN and 
1 weight % or more and less than 50 weight % of AIM. 
According to results of tests conducted by the inventors of 
this invention, if AlN is contained in the range of 1<A1N<50 
weight % in the ceramics containing 50 weight % or more of 
BN, fusing damage resistivity of the aforementioned ceramics 
against melts of metal, glass and the like, in remarkably 
improved. If Y2O3 is added to this BN ceramics in the range 
of 1.0-10.0 weight % relative to AlN, strength of the 
ceramics is greatly improved. Moreover, if at least a part 
of starting material powder of the BN component contained in 
the BN ceramics is prepared as amorphous BN powder or powder 
of material which produces amorphous BN in the course of 
sintering, the aforementioned effect of improving strength 
would reveal itself remarkably. 

The above-mentioned second object can be achieved by- 
providing a molten metal container, in which a protective cap 
formed of BN ceramics containing 50 weight % or more of BN 
and 1 weight % or more and less than 50 weight % of AlN is 
employed, and a refractory block having an outlet side 
opening (opening on the side held in contact with molten 
metal) of a through-hole for allowing a thermocouple to 
extend therethrough sealingly closed by that protective cap, 
in replaceably fitted in the wall of the container. 

The BN content in the ceramics according to the present 
invention is 50 weight % or more. This is because if the BN 
content is chosen to be less than 50 weight %. the content of 
the other ceramics exceeds 50 weight % and their properties 
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predominate r while the properties of BN are diluted and there 
occur inconveniences, for instance, such that the ceramics 
become liable to crack as a result of thermal impacts* 

This also implies that the upper limit value of the AIN 
content should be set less than 50 weight %. The reason why 
the lower limit value of the AIN content is set at 1 weight % 
is because at the content of less than 1 weight %, with 
respect to the fusing damage resistivity against melts of 
metal, glass and the like a sufficient effect cannot be 
revealed. It is to be noted that as raw material powder for 
AIN, AIN powder or Al powder that is converted to AIN in the 
course of sintering, is used. The reason why the amount of 
addition of Y2O3 to the BN ceramics is defined as 1.0-10.0% in 
weight proportion with respect to AIN, is because at less 
than 1.0% the strength improving effect is small, and if the 
amount exceeds 10.0%, rather degradation of strength would be 
resulted. 

When as at least a part or whole of the starting 
material powder for the BN component contained in the 
ceramics according to the present invention, amorphous BN 
powder of powder of materials that is converted to amorphous 
BN in the course of sintering is used, even by normal- 
pressure sintering, ceramics having high strength can be 
obtained. As the material that can be converted to amorphous 
BN in the course of sintering, for instance, boron (B) can be 
exemplified. Amorphous BN or powder that can form amorphous 
BN should be preferably contained at least at 20 weight % or 
more in the whole starting materials* « 
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It ii to be noted that while the ceramics according to 
the present invention include BN and AlN as essential 
components r other oxides, nitrides r carbides, silicides, 
borides, etc. could be added appropriately within the ranges 
not interfering the defined contents of the essential 
components. 

Brief Description of the Drawings; 

Pig.l is a diagram showing the relation between^ an AlN 

content in BN ceramics and an amount of fusing damage. 

* - - -I 

Pig. 2 is a cross-section view showing a part :of molten 
metal container employing a protective cap of a therjaocouple 
for measuring a molten metal temperature, which cap is made 
of BN ceramics having the composition according to the 
present invention. 

Fig. 3 is a similar view showing a modification to the 
structure shown in Fig. 2. 

Fig. 4 is a similar view showing a modification to the 

structure shown in Pig. 3. 
Preferred Embodiment 1 

® BN ceramics samples No.l-No.5 of predetermined shape 
having different AlN contents (Table-1) were prepared by 

o 

sintering under a normal pressure at a temperature of 1800 C. 
It is to be noted the K-value of the starting material BN is 

in the range of 0<K<0.9. 

When a peak area for index [hkl] coresponding to 
hexagonal crystalline BN in an X-ray diffraction pattern is 
represented by S[hkll, the K-vale is defined as follows: 

K = sll021 / (S1100]+S[1011) 
(Cu-Ka line by PW-1710 manufactured by PHILIPS) 
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Table-l: Composition Table of Used Ceramics 



NO. 


BN 
(weight%) 


Starting Materials of BN 
(weight proprtion) 


AIN 
(weight%) 


1 


99 


Amorphous BN: 99 
Crystalline BN: 0 


1 


2 


95 


Amorphous BN: 95 
Crystalline BN: 0 


5 


3 


90 


Amorphous BN: 45 
Crystalline BN: 45 


10 


4 


70 


Amorphous BN: 35 
Crystalline BN: 35 


30 


5 


55 


Amorphous BN: 55 
Crystalline BN: 0 


45 



© Samples No.l-No.5 were put in molten stainless steel 
(JIS SUS304 material) at a temperature of 1600»C ±20«C so 
that their top portions may project above the surface of the 
molten metal, and an amount of fusing damage at the meniscus 
portion was measured. The results are shown in Fig.l. 

(D According to Fig.l, it is seen that if the AIN content 
becomes 1 weight % or more, the amount of fusing damage of 
the samples decreses abruptly. 
Preferred Embodiment 2 

O BN ceramics samples No.6-No.10 of predetermined shape 
having different Y2O3 contents (Table-2) were prepared by 
sintering under a normal pressure at a temperature of 1800«»C. 
It is to be noted that the K-value of the starting material 
BN is in the range of 0<K<0.6. 
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When a peak area for index [hkl] corresponding to 
hexagonal crystalline BN in an X-ray diffraction pattern is 
represented by S[hkl], the K-value is defined as follws: 

K = S[102] / (S[100J+S[lffl]) 
(Cu-Ka line by PW-1710 manufactured by PHILIPS.) . 

Table-2: Composition Table of Used Ceramics 



No. 


BN 
(weight 
proportion) 


Starting 
Material of 
BN 


AIN 
(weight 
proportion) 


Y2O3 

weight proportion; parenthesized 

numeral representing 
weightproportion relative to AIM 


6 


70 


Amorphous 
BN 


30 


0 (0%) 


7 


70 


Amorphous 
BN 


30 


0.3 (1.0%) 

■ • 


8 


70 


Amorphous 
BN 


30 


.0.9 . (3.0%) . 


9 


70 


Amorphous 
BN 


30 


3.0 (10.0%) 


10 


70 


Amorphous 

BN 


30 


4.8 (16.0%) 



(D Bending strength of samples No.6-No«10 was invent iga ted. 
The results are shown in Table-3. 
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Table-3: Test Results 



No. 


Bending Strength (kg/mm^) 


6 


5 


7 


8 


8 


9 


9 


9 


10 


3 



(D From the test results shown in Table-3, it is seen that 
the bending strength of the BN ceramics is greatly improved 
at a weight proportion of Y2O3 relative to AIN in the range of 
1.0-10.0%. 

Preferred Embodiment 3 

A part of a molten metal container making use of a 
protective cap of a thermocouple for measuring a molten 
metal, which cap is made of BN ceramics having the 
composition according to the present Invention, is shown in 
Fig. 2. Reference numeral 1 designates a part of a wall close 
to the bottom of the molten metal container. A refractory 
block 2 fitted in the wall 1 is a f rusto-conical body having 
a through-hole 3 at its central portion, and it is formed 
of , for example, zirconia refractories {Zr02-Si02 or the 
like). The refractory block 2 mounted with its end surface 
having a larger diameter directed to the inside of the 
container would be pressed against the wall under a pressure 
of molten metalr when molten metal has been poured into the 
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container, and the fitting relationship with respect to the 
wall 1 would become more tight. 

An alumina protective tube 4 for accommodating a . 
thermcouple 5 is inserted into the through-hole 3 of the 
refractory block 2 so. as to penetrate therethrough, and a 
protective cap 6 for blocking the outlet side opening (the 
opening on the side held in contact with the molten metal) of 
the through-hole 3 and covering the tip end portion of the . 
protective tube 4, is mounted. This protective cap is formed 
of BN ceramics consisting of, for example, 70 weight % of BN, 
30 weight % of AIN and 0.9 weight % of Y2O3 (weight proportion 
relative to AlN being 3%). In addition, if a gap clearance 
tends to be produced at the fitting portion of the protective 
cap 6 with respect to the refractory block 2, castable 
refractories can be used as sealing material. The protective 
tube 4 and the protective cap 6 are held in tight contact 
with each other, especially at their tip end portions, the - 
tip end of the thermocouple 5 is held in contact with the 
inner surface of the protective tube 4, and heat of the 
molten metal charged in the container is transmitted through ■ 
the protective cap 6 and the protective tube 4 to the 
thermocouple 5- 

The protective cap 6 formed of the aforementioned BN 
ceramics can withstand continuous temperature measurement for. 
about 12 hours even against molten steel. 

In the structure for assembling the thermocouple 5 in , 
the wall 1 as shown in Pig. 2, the protective cap 6 to be used 
in place of the elongated protective tube in the prior art is 
sufficiently short in length, and so it is economically 
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advantageous. In addition, a complicated mechanism (the 
mechanism used in the prior art) for holding the protective 
cap 6 is not necessitated r . work required for temperature 
measurement is extremely simple, and hence saving of cost by 
reducing man hour of the work, can be contemplated. 

If the protective cap 6 has been consumed and has become 
unable to withstand the use as a result of continuous use, it 
is only necessary to extract the refractory block 2 from the 
wall 1 under an empty condition of the container and to 
replace new one therefor, and it is possible to carry out the 
recovery work within a short period of time.. 

In addition, besides molten metal containers not having 
a melting function such as a ladle, a tandish, etc., with 
respect to containers having a melting function also a 
similar wall structure for continuous temperature measurement 
can be employed. 
Preferred Embodiment 4 

Fig. 3 shows the state where in addition to the structure 
shown in the section of Preferred Embodiment 3, a dam 7 is 
employed. The dam 7 is a cylindrical body, which is fixed to 
the wall 1 and which surrounds the protective cap 6. When 
molten metal is poured into the container, if falling molten 
metal should directly strike against the protective cap 6., 
then there is a fear that the protective cap 6 may be broken, 
and so, the dam 7 is used for the purpose of protecting the 
protective cap 6 from collision with poured molten metal. In 
addition, the dam 7 can achieve the functions and effects of 
protecting the protective cap 6 from flow of molten metal and 
improving a fusing damage resistivity of the protective cap 
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6. It is to be noted that the shape of the dam 7 need 'not be " 
always cylindrical, but it is only necessary to have such 
shape that can protect the protective cap 6 from impact of 
poured molten metal or from flowing molten metal. 
Preferred Embodiment 5 

Fig .4 shows an example in which in addition to the 
structure shown in the section of Preferred Embodiment 4, 
protecting means for the protective cap 6 has been employed. 
The outer surface of the protective cap 6 is covered by a 
glass coating 8. During the period when molten metal is 
being poured into the container before the protective cap 6 
has sunk in the molten metal, the protective cap 6 is exposed 
to radiant heat of the molten metal. While the naked 
protective cap 6 therefore has a tendency of being oxidized 
in the case where the molten metal temperature is high, the 
oxidization reaction is obstructed because the surface of the 
protective cap 6 is protected by the glass coating, and a 
durability is improved. This glass coating 8 dose not become 
a bar against temperature measurement. 

It is to be noted that in the above-described respective 
preferred embodiments, it is possible to omit the protective 
tube 4. 

Industrial Availability ; 

The BN ceramics according to the present invention is 
excellent in fusing damage resistivity, even a normal- 
pressure sintered body has high strength, and moreover, a 
manufacturing cost is low, so that they are available as 
members for use in various kinds of furnaces, whiclK members 
come into contact with melts of metal, glass and the like and 
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have excellent durability. 
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CLAIMS 

1. Boron'nitride (BN) ceramics containing 50 weight % or 
more of BN and 1 weight % or mare and less than SO weight % 
of AIN. 

2. BN ceramics as claimed in Claim 1 containing Y2O3 
whose weight proportion relative to said AlN content is 1.0- 
10.0%. 

3. BN ceramics as claimed in Claim 1 or 2, characterized 
in that a part or whole of staring material for the BN 
component in said ceramics is amorphous BN powder. 

4. BN ceramics as claimed in Claim 1 or 2, characterized 
in that a part or whole of staring material for the BN 
component in said ceramics is powder material which produces 
amorphous BN in the course of sintering. 

5. A molten metal container, wherein a protective cap 
formed of BN ceramics containing 50 weight % or more of BN 
and 1 weight % or more and less than 50 weight % of AlN is 
employed, and a refractory block formed by sealingly stopping 
an outlet side opening of a through-hole for extending a 
thermocouple therethrough with said protective cap is 
replaceably fitted in the container wall. 

6. A molten metal container as claimed in Claim 5, 
characterized in that said BN ceramics consists of 50 weight 
% or more of BN, 1 weight % or more and less than 50 weight % 
of AlN and Y2O3 whose weight proportion relative to said AlN 
content is 1.0-10.0%. 

7. A molten metal container as claimed in Claim 5 or 6, 
characterized in that a part or whole of starting material 
for the BN component in said ceramics is amorphous BN powder. 

-13- 
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8. A molten metal container as claimed in Claim 5 or 6 , 
characterized in that a part or whole of starting material 
for the BN component in said ceramics is powder material 
which produces amorphous BN in the course of surtering. 
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